Chapter 4

RADIOLOGICAL
DOSE
ASSESSMENT

| ntroduction

Eachyear the potentia radiol ogica dosetothe pub-
licthat isattributabl eto operationsand effluentsfrom
theWest Valey Demonstration Project (WVDP) is
assessed to verify that noindividua could credibly
haverece ved adoseexceading thelimitsestablished
by theregulatory agencies. Theresultsof thesecon-
sarvativedose cd culationsdemongtrate that the po-
tential maximum doseto an off-dteresdent waswell
bel ow permissiblestandardsand was cons stent with
theas-low-as-reasonably achievable(ALARA) phi-
losophy of radiation protection.

Thischapter describesthemethodsused to estimate
thedoseto the generd public resulting from expo-
sureto radiation and radionuclidesoriginating at the
Project during calendar year 2001. Theresulting es-
timated doses are compared directly with current
radiation standardsestablished by theU.S. Depart-
ment of Energy (DOE) and the U.S. Environmental
Protection Agency (EPA) for protection of the pub-
lic. Thesevauesarea so compared with theannua
dosetheaverageresident of the U.S. receivesfrom
natural background radiation and to dosesreported
inpreviousyearsfor theProject.

Sour ces of Radiation. Members of the public
areroutinely exposed to different sourcesof ion-
izing radiation from both natural and manmade
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sources. Figure 4-1 (p. 4-2) shows the relative
contribution to theannual dosein milliremfrom
these sources in comparison with the estimated
caendar year 2001 maximum individual dosefrom
the WV DP. The National Council on Radiation
Protection and Measurements (NCRP) Report 93
(1987b) estimatesthat the average annual effec-
tivedose equivaent received by anindividual liv-
ingintheU.S. isabout 360 mrem (3.6 mSv) from
both natural and manmade sources of radiation.

Whilemost of theradiation dosereceived by the
general publicisnatural background radiation,
manmade sources of radiation a so contributeto
the average dose. Such sourcesinclude diagnos-
tic and therapeutic x-rays, nuclear medicine, fall-
out residuesfrom atmospheric nuclear weapons
tests, effluentsfrom nuclear fuel-cyclefacilities,
and consumer products such as smoke detectors
and cigarettes.

AscanbeseeninFigure4-1 (p. 4-2), naturd sources
of radiation contribute 295 mrem (2.95 mSv) and
manmade sources contribute 65 mrem (0.65 mSv)
of thetotal annual U.S. average doseof 360 mrem
(3.60 mSv). The WV DP contributed avery small
amount (0.040 mrem[0.00040 mSv]) tothetota an-
nua manmeade radiation doseto themaximally ex-
posed off-gteindividual (MEOS)) residing near the
WVDP. This is much less than the average dose
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Chapter 4. Radiological Dose Assessment

received from using consumer productsandisingg-
nificant compared to the federal standard of 100
mrem alowed from any DOE Site operationsina
calendar year or the 295 mrem received annually
from natural sources. The dose from WV DP op-
erationsasoissmall compared totheaverageaddi-
tiond doseanairlinecrew member typicaly receives
from cosmicradiation (200 mrem/year).

Exposur e Pathways

Theradionuclides present at theWVDPsiteare
residues from the reprocessing of commercial
nuclear fuel during the 1960sand early 1970s. A
very small fraction of theseradionuclidesisre-
leased off-site during the year through ventilation
systems and liquid discharges. These releases
makeanegligiblecontribution to theradiation dose
to the surrounding population through several ex-
posure pathways.

An exposure pathway consists of a way for a
source of contamination or radiation to betrans-
ported by environmenta mediato areceptor where
expaosureto contaminantsmay occur. For example,
amember of the public could be exposed to low
concentrations of radioactive particulatescarried
by prevailingwinds.

Thepotential pathways of exposurefrom Project
emissonsareinhalation of gasesand particul ates,
ingestion of locally grown food products, inges-
tion of fish, beef, and deer tissues, and exposure
to externa penetrating radiation emitted from con-
taminated materials. The drinking water pathway
isexcluded from cal cul ations of potential maxi-
mum doseto individua sbecause surveysrevea ed
that local residentsdo not use Cattaraugus Creek
asasource of drinking water. Table 4-1 (facing
page) summarizes the potential exposure path-
waysfor thelocal off-site population.

Land Use Survey

Periodic surveysof local residentsprovideinfor-
mation about local family sizes, sourcesof food,
and gardening practices. Information from themost
recent survey, conducted in early 2002, was used
to confirm the locations of the nearest residences
and other population parameters. These param-
etersare required for computer models that are
used for the annual dose assessments. (See the
discussion of Dose Assessment Methodol ogy [fac-
ing page] for moreinformation on the computer
modelsused.)
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Figure4-1. Comparison of Annual Background Radiation Dose to the Dose From 2001 WVDP Effluents
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Table 4-1
Potential Local Off-Site Exposure Pathways Under Existing WVDP Conditions

Exposure Pathway and Transporting Medium

Inhalation: gasesand particulatesin air

(included)

Ingestion: cultivated crops
(included)

Ingestion: surface and groundwater
(excluded)

Ingestion: fish, beef, venison, and milk
(included)

External exposure: radiation emanating
from particulates and gases from air or
surface water (included)

Reason for Inclusion/Exclusion

Off-sitetransport of contaminantsfromWVDP
stacks or resuspended particul ates from soils
or water

Local agricultural productsirrigated with con-
taminated surface or groundwater; foliar
deposition and uptake of airborne contaminants

No documented use of local surface water or
downgradient groundwater wellsasdrinking
water by local residents

Fish exposed to contaminants in water or
sediments may be consumed; beef, venison,
and milk consumption following deposition of
transported airborne and surface water
contaminants

Transport of air particulates and gases to off-
site receptors; transport of contaminantsin
surface water and direct exposure during
stream use and swimming

Radioactive Vitrification
Operations

Thestart of radioactivevitrification operationsin
July 1996 resulted in expected increases of radio-
active emissionsfrom the main plant stack. Spe-
cifically, thereleaserate of iodine-129 increased
from a 1993 to 1995 average of 25 microcuries
(uCi) per year to 1,200 uCi in 1996 and 7,430 uCi
in 1997 asaresult of the processing of the high-
level waste.

In 1998 the yearly release of iodine-129 fell to
4,970 uCi/yr dueto the completion of Phase| of
vitrification; in 1999 thetotal iodine-129 release
was 1,900 pCi. Theiodine-129 levelscontinued to
decreasein calendar year 2000—t0 1,260 uCi, a
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level cons stent with reduced vitrification activity.
Incalendar year 2001, 520 uCi of iodine-129 were
released. (See Chapter 2, Specia Monitoring, [p.
2-27] for adiscusson of iodine-129 emissonsfrom
themain plant stack.)

Dose Assessment
M ethodology

The potentia radiation doseto the general public
from activitiesat the WVDPisevaluated by us-
ing atwo-part methodol ogy applied inamanner
consistent with the requirementsin DOE Order
5400.5. Thefirst part uses the measurements of
radionuclide concentrationsinliquidand air re-
|eased from the Project to determine annual total
effect. The second part uses measurements of
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lonizing Radiation

Radiation can be damaging if, in colliding with other matter, the alpha or beta particles or gamma
rays knock dectrons loose from the absorber atoms. This process is called ionization, and the radia-
tion that produces it is referred to as ionizing radiation because it changes an electrically neutral
atom, in which the positively charged protons and the negatively charged electrons balance each
other, into a charged atom called an ion. An ion can be either positively or negatively charged.
Various kinds of ionizing radiation produce different degrees of damage.

Potential Effects of Radiation

The biological effects of radiation can be either somatic or genetic. Somatic effects are restricted to
the person who has been exposed to radiation. For example, sufficiently high exposure to radiation
can cause clouding of the lens of the eye or loss of white blood cells.

Radiation also can cause chromosomes to break or rearrange themselves or to join incorrectly with
other chromosomes. These changes may produce genetic effects and may show up in future genera-
tions. Radiation-produced genetic defects and mutations in the offspring of an exposed parent,
while not positively identified in humans, have been observed in some animal studies.

The effect of radiation depends on the amount absorbed within a given exposure time. The only
observable effect of an instantaneous whole-body dose of 50 rem (0.5 Sv) might be a temporary
reduction in white blood cell count. An instantaneous dose of 100-200 rem (1-2 Sv) might cause
additional temporary effects such as vomiting but usually would have no long-lasting side effects.
Assessing biological damage from low-level radiation is difficult because other factors can cause
the same symptoms as radiation exposure. Moreover, the body is able to repair damage caused by
low-level radiation.

The effect mogt often associated with exposure to relatively high levels of radiation appears to be an
increased risk of cancer. However, scientists have not been able to demonstrate with certainty that
exposure to low-level radiation causes an increase in injurious biological effects, nor have they
been able to determine if there is a level of radiation exposure below which there are no biological
effects.

Health Effects of Low-Level Radiation

Radionuclides entering the body through air, water, or food are distributed in different organs of the
body. For example, isotopes of iodine concentrate in the thyroid. Strontium, plutonium, and ameri-
cium isotopes concentrate in the skeleton. When inhaled, uranium and plutonium isotopes remain in
the lungs for a long period of time. Some radionuclides such as tritium, carbon-14, or cesium-137
are distributed uniformly throughout the body. Thus, depending on the radionuclide, some organs
may receive quite different doses. Moreover, at the same dose levels, certain organs (such as the
breast) are more prone to developing a fatal cancer than other organs (such as the thyroid).

Because of the uncertainty and difficulty in measuring the incidence of increased cancer resulting
from exposure to ionizing radiation, to be conservative, a linear model is used to predict health risks
from low levels of radiation. This model assumes that there is a risk associated with all dose levels
even though the body may effectively repair damage incurred from low levels of alpha, beta, and
gamma radiations.
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Dose Assessment Methodol ogy

radioactivity infood fromlocationsnear the Project
boundariesto confirm thelow impact of thetotals.

Radiological doseiseva uated for al magjor expo-
sure pathways, including external irradiation, in-
hal ation, and ingestion of local food products. The
dose contributionsfrom each radionuclideand path-
way combination arethen summed to obtaintheto-
tal doseestimatesreportedin Table4-2 (p. 4-6).

Measurement of Radionuclide Concentra-
tionsin Liquid and Air Releases. Because of
thedifficulty of distinguishing thesmall amount of
radioactivity emitted fromthesitefromthat which
occursnaturally in the environment using actual
measurements of environmental samples, com-
puter codes are used to model the environmental
dispersion of radionuclides emitted from on-site
monitored ventilation stacksand liquid discharge
points.

Firdt, actua datafrom release-monitoring samples
are collected, together with annual weather mea-
surements and the latest demographic informa-
tion. (See AppendicesC, D, and|.) Theeffective
doseequivaent (EDE) to themaximally exposed
off-siteindividual and the collective EDE to the
populationwithina50-mile (80-km) radiusarethen
calculated using conservative modelsthat have
been approved by the DOE and the EPA to dem-
onstrate compliance with radiation standards. (See
Radiation Dose [this page] and Units of Mea-
surement [p. 4-8].)

M easurement of Radionuclide Concentra-
tionsin Food. The second part of the dose as-
sessment is based on actual measurements of
radioactivity in samplesof foodstuffsgrowninthe
vicinity of the WV DP and the comparison of these
valueswith measurements of samples collected
fromlocationswell beyond the potentia influence
of site effluents. These measurements of envi-
ronmental mediashow that the concentrations of
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Radiation Dose

The energy released from a radionuclide is
eventually deposited in matter encountered
along the path of the radiation. The radiation
energy absorbed by a unit mass of material is
referred to as the absorbed dose. The absorb-
ing material can be either inanimate matter or
living tissue.

Alpha particles leave a dense track of ioniza-
tion as they travel through tissue and thus de-
liver the most dose per unit-path length.
However, alpha particles are not penetrating
and must be taken into the body by inhalation
or ingestion to cause harm. Beta and gamma
radiation can penetrate the protective dead skin
layer of the body from the outside, resulting in
exposure of the internal organs to radiation.

Because beta and gamma radiations deposit
much less energy in tissue per unit-path length
relative to alpha radiation, they produce fewer
biological effects for the same absorbed dose.
To allow for the different biological effects of
different kinds of radiation, the absorbed dose
is multiplied by a quality factor to yield a unit
called the dose equivalent. A radiation dose
expressed as a dose equivalent, rather than
as an absorbed dose, permits the risks from
different types of radiation exposure to be com-
pared with each other (e.g., exposure to alpha
radiation compared with exposure to gamma
radiation). For this reason, regulatory agen-
cies limit the dose to individuals in terms of
total dose equivalent.

radioactivity are small —usually near the anal yti-
cdl detection limits—thereby providing additional
assurance that operations at the WVDP are not
adversely affecting thepublic.

If any of the near-sitefood sampleswereto con-

tain radionuclide concentrationsthat are statisti-
cally higher than the concentrations in control
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Table 4-2
Summary of Annual Effective Dose Equivalents to an Individual
and Population From WVDP Releases in 2001

ExposurePathways Annual Effective Dose Equivalent

Maximally Exposed Collective Effective
Off-Site Individual® Dose Equivalent?

mrem (mSv) person-rem (person-Sv)

Airborne Releases® 4.6E-03 (4.6E-05) 5.9E-02 (5.9E-04)

% EPA standard (10 mrem) 0.046% NA
Waterborne Releases

Effluentsonly 1.4E-02 (1.4E-04) 1.0E-02 (1.0E-04)

Effluents plus north plateau drainage 3.5E-02 (3.5E-04) 1.3E-01 (1.3E-03)
Total from all Pathways 4.0E-02 (4.0E-04) 1.9E-01 (1.9E-03)

% DOE standard (100 mrem) — 0.040%

ar and water combined

% of natural background
(295 mrem; 398,000 person-rem) — 0.01% 0.00005%
received from air and water combined

Estimated Rn-220° 2.2E-02 (2.2E-04)° 7.2E-01(7.2E-03)

Exponents are expressed as “E” in this report: a value of 1.2 x 10 in scientific notation is reported
as 1.2E-04 in the text and tables.

NA — Not applicable. Numerical regulatory standards are not set for the collective EDE to the population.

1 Modeled data estimates the maximum exposure to air discharges occurs at a residence 1.9
kilometers north-northwest of the main plant.

2 Population of 1.35 million within 80 kilometers of the site.

3 From atmospheric release non-radon point and diffuse sources. Calculated using CAP88-PC for
individual and population. EPA and DOE limits for individual airborne dose are the same.

4 Calculated using methodology described in Manual for Radiological Assessment of Environmental
Releases at the VWDP (Spector, 2000).

5 Estimated releases based on indicator measurements and vitrification processing values: dose
estimates calculated using CAP88-PC.

6 Estimated dose from Rn-220 specifically excluded by rule from NESHAP totals. (See p. 4-9.)
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Predicted Dose From Airborne Emissions

samples, separate dose cal cul ationswoul d be per-
formed to verify that the cal cul ated foodstuff dose
iswithin the dose range estimated by computer
modeling. These calculated doses are not added
to the computer-modeled estimates (Table 4-2
[facing page]) because the models already in-
cludecontributionsfromal environmenta pathways.

Comparison of Near-Siteand Background En-
vironmental Media Concentrations. Both
near-siteand control (background) samplesof fish,
milk, beef, venison, and local produceare collected
and analyzed for variousradionuclides, including
tritium, cobalt-60, strontium-90, iodine-129, and
cesium-137. Themeasured radionuclide concen-
trationsreportedin Appendix F, TablesF-1 through
F-4 (pp. F-3 through F-8) are the basisfor com-
paring near-site and background concentrations.

If differences are found between near-site and
background sample concentrations, theamount by
which the near-site sampl e concentration exceeds
background isused to cal cul ate apotential maxi-
mumindividua dosefor comparisonwithdoselim-
its and the dose from background alone. If no
statistical differencesin concentrationsarefound,
then no further assessment is conducted.

The maximum potential doseto nearby residents
from the consumption of foodswith radionuclide
concentrations above background iscal cul ated by
multi plying the net concentrations (concentration
inasample minus background concentration) by
the maximum adult annual consumption ratefor
each type of food and the unit dose conversion
factor for ingestion of the measured radionuclide.
The consumption rates are based on site-specific
data and recommendations in NRC Regulatory
Guide1.109for terrestrial food chain dose assess-
ments (U.S. Nuclear Regulatory Commission
October, 1977). Theinternal dose conversionfac-
torswere obtained from Internal Dose Conver-
sion Factorsfor Calculation of Doseto the Public
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(DOE/EH-0071[U.S. Department of Energy, July
1983)).

Note that foodstuffs are wei ghed when received
at thelaboratory and the percent moistureisde-
termined from the difference between the mass
of thedried sampleweighed after preparation for
radiol ogical measurement and the original “wet”
as-measured mass. Doses are calculated based
on the reconstituted “wet” mass of the original
sampleasit would be before preparation asfood.

Predicted Dose From
AirborneEmissons

Airborneemissionsof radionuclidesareregulated
by the EPA under the Clean Air Act and itsimple-
menting regulations. DOE facilitiesare subject to
40 CFR 61, Subpart H, National Emission Stan-
dardsfor Hazardous Air Pollutants (NESHAP).
Subpart H constitutes the national emission stan-
dardsfor emissions of radionuclides other than
radon from DOE facilities. The applicable stan-
dard for radionuclidesisamaximum of 10 mrem
(0.1 mSv) EDE to any member of the publicin
any year.

Releases of airborne radioactive materialsfrom
nominal ground level stacks(1to 24 metershigh)
and from the main 60-meter stack are modeled
using the EPA-approved CAP88-PC computer
code (U.S. Environmental Protection Agency,
March 1992). Thisair dispersion code estimates
effective dose equivaentsfor theingestion, inha
lation, air immersion, and ground surface path-
ways. Site-specific datafor non-radon radionuclide
release rates in curies per year, wind data, and
the current local population distribution areused
as input parameters. Resulting output from the
CAP88-PC code is then used to determine the
total EDE to amaximally exposed individual and
the collective doseto the popul ation within a50-
mile (80-km) radius of the WV DP.
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Units of Measurement

The unit for dose equivalent in common use in the U.S. is the rem, which stands for roentgen-
equivalent-man. The international unit of dose equivalent is the sievert (Sv), which is equal to 100
rem. The millirem (mrem) and millisievert (mSy), used more frequently to report the low dose equiva-
lents encountered in environmental exposures, are equal to one-thousandth of a rem or sievert,
respectively.

The effective dose equivalent (EDE), also expressed in units of rem or sievert, provides a means of
combining unequal organ and tissue doses into a single “ effective” whole body dose that repre-
sents a comparable risk probability. The probability that a given dose will result in the induction of
a fatal cancer is referred to as the risk associated with that dose. The EDE is calculated by multiply-
ing the organ dose equivalent by the organ-weighting factors developed by the International Com-
mission on Radiological Protection (ICRP) in Publications 26 (1977) and 30 (1979). The weighting
factor is a ratio of the risk from a specific organ or tissue dose to the total risk resulting from an
equal whole body dose. All organ-weighted dose equivalents are then summed to obtain the EDE.

The dose from internally deposited radionuclides calculated for a fifty-year period following in-
take is called the fifty-year committed effective dose equivalent (CEDE). The CEDE sums the dose
to an individual over fifty years to account for the biological retention of radionuclides in the body.
The total EDE for one year of exposure to radioactivity is calculated by adding the CEDE to the
dose equivalent from external, penetrating radiation received during the year. Unless otherwise
specified, all doses discussed here are total EDE values, which include the CEDE for internal
emitters.

A collective population dose is expressed in units of person-rem or person-sievert because the
individual doses are summed over the entire potentially exposed population. The average indi-
vidual dose can therefore be obtained by dividing the collective dose by the number in the popula-
tion.

Asreportedin Chapter 2, Environmental Moni-
toring, themain 60-meter stack and severa shorter
stackswere monitored for radioactive air emis-
sionsduring 2001. Theactivity that wasreleased
to the atmosphere from these emission pointsis
listedin Tables D-1 through D-11 and D-15. (See
Appendix D [pp. D-3 through D-12 and D-16].)
Note that these tables include data from an on-
steairbornereleaseinthefall of 2001. (See Un-
planned Radiological Releasesin Chapter 1 [p.
1-11].) Applicableinformation fromthesetables
was used asinput to the CAP88-PC code.

VWVDP Site Environmental Report

Wind datacollected from the on-site meteorol ogi-
cal tower during 2001 were used asinput to the
CAP88-PC code. Datacollected at the 60-meter
and 10-meter heightswere used in combination
with the main plant stack and near-ground-level
effluent rel ease data, respectively.

Maximum Dose to an Off-Site Individual.
Based onthe non-radon airborne radioactivity re-
leased from all sources at the site during 2001, it
was estimated that aperson living inthevicinity
of the WV DP could havereceived atotal EDE of
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Predicted Dose From Airborne Emissions

Radon-220

Radon-220 is a naturally occurring gaseous decay product of thorium-232 present in the airborne
emissions from the WVDP main plant. Radon-220, also known as thoron, is associated with the
THOREX-related thorium-232 and uranium-232 in the high-level waste.

As reported in Chapter 2 of the 1996 VWWDP Ste Environmental Report, thoron levels were ob-
served to increase during startup of the 1996 high-level waste vitrification process. An estimate of
the thoron released during each waste concentration cycle was developed and used to determine a
theoretical annual release. During the vitrification phase an average of about 12 curies per day
were released. In 2001, because of the substantially reduced number of concentration cycles, the
average was a hit less than six and a half curies of thoron released per day.

Although large numbers of curies were released relative to other radionuclides, the calculated
dose from thoron is quite small because of its short decay half-life and other characteristics. The
NESHAP rule specifically excludes thoron from air emission dose calculations at the WVDP, so a
dose estimate using CAP88-PC was calculated separately. The theoretical dose to the maximally
exposed off-site individual (MEOS) located 1.9 kilometers north-northwest of the site in 2001
would have been 0.022 mrem, and the collective dose to the population within an 80-kilometer
radius would have been 0.72 person-rem. (See Table 4-2 [p. 4-6].) These theoretical doses are less
than or about the same as doses from the

20
manmade radionuclide WVDP effluents. 12
2 12
As the final stages of vitrification are com- % 10
pleted, thoron releases are expected to de- = 2:
crease to below pre-vitrification levels. The © 4-
figure presented here provides a relative in- g |

o

S

N

dication of recent trends in the estimated an-
nual thoron releases.

1995
1996
1997
1998
1999

—
S
N
Estimated Radon-220 Releasesfrom the WVDP

0.0046 mrem (0.000046 mSv). The computer
model estimatesthat thismaximally exposed off-
siteindividual waslocated 1.9 kilometers north-
northwest of the siteand was assumed to eat only
locally produced foods. A pproximately 63% of the
dosewasfromiodine-129.

The maximum total EDE of 0.0041 mrem
(0.000041 mSv) from the permitted stacks and
ventsisfar below levelsthat could bedirectly mea-
sured at the exposed individual’sresidence. This
doseiscomparableto about eight minutes of natu-
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ral background radiation received by an average
member of theU.S. population andiswell below
the 10mrem (0.1 mSv) NESHAPIimit promul gated
by the EPA and required by DOE Order 5400.5.

Collective Population Dose. The CAP88-PC

program was used to estimate the collective EDE
to the popul ation. Based upon thelatest U.S. cen-
suspopul ation datacollected in calendar year 2000,
1.35million peoplewereestimated toresdewithin
50 miles (80 km) of the WV DP. Thispopulation
received an estimated 0.059 person-rem (0.00059
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Chapter 4. Radiological Dose Assessment

person-Sv) total EDE from radi oactive non-radon
airborne effluentsrel eased from WV DP point and
diffuse sourcesduring 2001. Theresulting aver-
age EDE per individual was 0.00004 mrem
(0.0000004 mSv).

Predicted Dose From
Waterborne Releases

Currently there are no EPA standards establish-
ing limitson theradiation doseto membersof the
publicfrom liquid effluentsexcept asappliedin 40
CFR 141 and 40 CFR 143, Drinking Weter Guide-
lines (U.S. Environmental Protection Agency,
1984a; 1984b). The potable-water wells sampled
for radionuclidesare upgradient of theWwVDPand
therefore are not a potential source of exposure
toradiation from Project activities.

Since Cattaraugus Creek isnot used asadrinking
water supply, acomparison of the predicted con-
centrations and doseswith the EPA drinking wa:
ter limitsestablished in 40 CFR 141 and 40 CFR
143isnot truly appropriate (although thevaluesin
creek samplesare well below the EPA drinking
water limits). The estimated radiation dose was
compared to the applicable guiddinesprovidedin
DOE Order 5400.5. The EDE to the maximally
exposed off-steindividua andthe collective EDE
to the population due to routine waterborne re-
leasesand natural drainage are calculated using
doseconversionfactorsastabulated inthe WVDP
Manual for Radiological Assessment of Environ-
mental Releases at the WV DP (Spector, 2000).

Sincethe Project’sliquid effluentseventudly reach
Cattaraugus Creek, which isnot used directly as
asourceof drinking water, themost important in-
dividual exposure pathway isthe consumption of
fish from thiscreek by local sportsmen. Itisas-
sumed that a person may consume annually as
much as 46 pounds (21 kg) of fish caught in the
creek. Exposureto external radiation from shore-
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lineor water contamination alsoisincludedinthe
model for estimating radiation dose. Popul ation
dose estimates assumethat radionuclidesarefur-
ther diluted in Lake Erie before reaching munici-
pa drinking water supplies.

The computer codes GENII version 1.485 (Pa-
cific Northwest L aboratory, 1982), whichimple-
mentsthe modelsin U.S. NRC Regulatory Guide
1.109, and LADTAP Il (Simpson and McGill,
1980) were used to cal cul ate the site-specific unit
dosefactorsfor routinewaterbornereleasesand
dispersion of these effluents. Input dataincluded
local stream flow and dilution, drinking water us-
age, and stream usagefactors. A detailed descrip-
tion of GENII isgiveninthe WVDP Manual for
Radiological Assessment of Environmental Re-
leases at the WV DP (Spector, 2000).

Five planned batch rel eases of liquid radioactive
effluentsfrom lagoon 3 occurred during 2001. The
radioactivity discharged in these effluents, listed
in Appendix C, TableC-1 (p. C-3), wasused with
theunit dose factorsto calculatethe EDE to the
maximally exposed off-siteindividual and the col-
lective EDE to the population living within a50-
mile (80-km) radius of the WV DP.

In addition to the batch releases from lagoon 3
(WNSP001), effluentsfrom the sewage treatment
facility (WNSP0OO07) and the french drain
(WNSPO0O08) areroutinely released. Theactivities
measured from theserel ease pointswereincluded
inthe EDE calculations. The measured radioac-
tivity concentrationsfrom the sewage treatment
facility and french drain are presented in A ppen-
dix C, TablesC-5and C-6 (p. C-7).

Besdesthethreerelease pointslisted above, there
aretwo natural drainage channelsoriginating on
the Project premisesthat have measurable con-
centrationsof radioactivity inthewater. Theseare
drainages from the northeast swamp
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Calculated Dose From Local Foodstuff Tests

(WNSWAMP) and north swamp (WNSW74A).
The measured radioactivity from these pointsis
reported in Tables C-7 and C-8 (pp. C-8 and C-
9). Radioactivity measured at these drainage
samplepointsisincludedinthe EDE calculations
for the maximally exposed off-siteindividua and
the collective population.

Therewere no unplanned rel eases of waterborne
radioactivity in 2001.

Maximum Dose to an Off-Site Individual.
Basad ontheradioactivity inliquid effluentsrel eased
from the WV DP (lagoon 3, the sawage treatment
plant, and thefrench drain) during 2001 an off-site
individua could havereceived amaximum EDE of
0.024 mrem (0.00014 mSv). Approximately 90% of
thisdosewasfrom cesum-137. This0.014 mrem
(0.00014 mSv) doseisnegligiblein comparisonto
the 295 mrem (2.95 mSv) that an average member
of the U.S. population receives in one year from
natural backgroundradiation.

Themaximum off-steindividuad EDE duetodrain-
agefromthenorth plateau (north swamp and north-
east swamp) is0.021 mrem (0.00021 mSv). The
combined EDE tothemaximally exposedindividud
from liquid effluentsand drainage is0.035 mrem
(0.00035mSv). Thisannua doseissomewhat less
than the 2000 estimate and isnegligiblein com-
parisonto the 295 mrem (2.95 mSv) that an aver-
age member of the U.S. population receivesin
oneyear from natural background radiation.

Collective Dose to the Population. As a re-
ault of radioactivity releasedinliquid effluentsfrom
the WV DP (lagoon 3, the seawagetreatment plant,
and thefrench drain) during 2001, the popul ation
living within 50 miles (80 km) of the sitereceived
acollective EDE of 0.010 person-rem (0.00010
person-Sv). The collective doseto the popul ation
from the north plateau drainage is 0.12 person-
rem (0.0012 person-Sv). Thisestimateis based
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onapopulationof 1.35millionlivingwithinthe50-
mile (80-km) radius. Theresulting average EDE
fromlagoon 3, thesawagetrestment plant, thefrench
drain, and north plateau drainage (north swamp and
northeast swamp) per individua is9.7E-05 mrem
(9.7E-07 mSv). This dose of 0.000097 mrem
(0.00000097 mSv) isaninconsequential additionto
thedosethat an average personreceivesinoneyear
fromnatura background radiation.

Calculated Dose From L ocal
Foodstuff Tests

Fish. Samplesof fishwerecollected from Cattarau-
gusCreek from May 2001 through November 2001.
Twenty fish were collected both at background lo-
cationsupstream of thesiteand at | ocationsdown-
stream of the site above the Springville dam. Ten
fishwerecollected a pointsdownstream of thesite
below thedam. Edibleportionsof fish sampleswere
andyzed for strontium-90 and cesum-137, and the
vaueswerecompared with backgroundvaues. (See
TableF-4[pp. F-6through F-8].)

Cesium-137 concentrationsin fish collected down-
stream of the site but abovethe Springvilledam
were not statistically higher than background.

Strontium-90 inindividual fish collected down-
stream of the Site, abovethe Springvilledam, was
detectable at dlightly abovethe average median
control sample concentrations. The calculated
maximum doseto an individual from consuming
46 pounds (21 kg) of near-sitefishwould be 0.01
mrem (0.0001 mSv). Thisdoseisroughly equiva-
lent to the dose received every eighteen minutes
from natural background radiation.

Milk. Milk sampleswere collected from various
nearby dairy farmsthroughout 2001. Control samples
were collected from farms 15to 20 miles(25to 30
km) to the south and north of the WVDP. Milk
sampleswereanayzed for tritium, potassium-40,
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grontium-90, iodine-129, and cesum-137. (See Table
F-1[p. F-3].) Ninenear-stemilk sasmpleswerecol-
lected and compared with e ght background samples.
Averagevauesfor tritium, strontium-90, iodine-129,
and cesum-137 wereeither below detection limits
or not statistically different from control concentra-
tions. Naturaly occurring potassum-40wasused as
anintringcreferencepoint for thesamples.

Beef. Near-site and control samples of locally
raised beef were collected in 2001. These samples
wereanalyzed for tritium, strontium-90, and ce-
sum-137. Two samplesof beef muscletissuewere
collected from background | ocationsand two from
near-sitelocations. Individual concentrations of
measured radionuclidesin near-site sampleswere
either below detection limitsor not satisticaly dif-
ferent from concentrations at control locations.
(SeeTableF-2[p. F-4].)

Venison. Meat samplesfrom three near-siteand
three control deer were collected during thefall
of 2001. (See Table F-2[p. F-4].) These samples
weremeasured for tritium, strontium-90, cesium-
137, and other gammar-emitting radionuclides. In-
dividua concentrationsof measured radionuclides
in near-site venison samples were either below
detection limitsor not statistically different from
concentrationsat control locations.

Produce (Corn, Beans, and Apples). Near-site
and background samplesof corn, beans, and gpples
were collected during 2001 and analyzed for tri-
tium, potass um-40, cobalt-60, strontium-90, and
cesium-137. (See Appendix F, Table F-3 [p. F-
5].) Individual concentrationsof al themeasured
radionuclidesin near-site produce sampleswere
ether below detection limitsor not statistically dif-
ferent from concentrationsat control locations.

See Appendix B (pp. B-37 through B-40) for the

locations from which background biological
samplesare collected.

VWVDP Ste Environmental Report

Predicted Dose From All
Pathways

Thepotential doseto the publicfromboth airborne
and liquid effluentsreleased from the Project dur-
ing 2001 isthe sum of theindividual dose contri-
butions. The cal culated maximum EDE from all
pathways to a nearby resident was 0.040 mrem
(0.00040 mSv). Thisdoseis 0.040% of the 100
mrem (1 mSv) annud limitin DOE Order 5400.5.
The estimated dose from radon-220 to the same
nearby resident was approximately 0.02 mrem.

Thetotal collective EDE to the population within
50 miles (80 km) of thesitewas0.19 person-rem
(0.0019 person-Sv), with an average EDE of
0.00014 mrem (0.0000014 mSv) per individual.
The estimated radon-220 doseto the popul ation
was approximeately 0.72 person-rem.

Table4-2 (p. 4-6) summarizesthe dose contribu-
tionsfrom all pathways and compares theindi-
vidual doseswith the applicable standards. The
low dosescal culated using computer modeling are
corroborated by thelow or non-detectable doses
calculated from local foodstuff test data.

Figure 4-2 (facing page) shows the calculated
annua dosetothe hypothetica maximally exposed
individual over thelast fourteen years. The esti-
mated dosefor 2001 (0.040 mrem) islower than
theannual dosereported for 2000 (0.061 mrem).
Thedecreasein dosefractionfromair emissions
in 2001 isattributed to the continuing decreasein
iodine-129 emissions. Thelower dose from the
liquid pathway ismostly theresult of alower vol-
ume of releases from the water treatment sys-
tem. Thisdecreaseincludesthe continuing effect
of themigration of thegrossbetaplume. (See Spe-
cia Groundwater Monitoring in Chapter 3[p. 3-
15].)
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Dose to Biota: Aquatic and Terrestrial Wdlife
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Figure 4-2. Effective Dose Equivalent from Liquid and Airborne Effluentsto a Maximally Exposed
Individual Residing Near the WVDP
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Figure4-3 (p. 4-14) showsthe collective doseto
the population over thelast fourteen years. (See
Fig. A-14[p. A-16] for amap of the popul ation
sectors.) A five-year upward trend, primarily from
anincreasein vitrification activities, reversedin
1998 and thenin 1999 through 2001 continued down
towardsprevitrification levels.

Aswiththeindividual dose, adight downward
trendin collective dosefrom treated liquid efflu-
ents, directly linked to a noticeable decreasein
thevolume of water treated, was noted in 2001.

Theoverd| radioactivity represented by thesedata
confirm the continued inconsequential additionto
the natural background radiation dosethat thein-
dividuals and population around the WV DP re-
ceivefrom Project activities.

Risk Assessment

Estimates of cancer risk fromionizing radiation
have been presented by the National Council on
Radiation Protection and M easurements (1987b)

VWVDP Ste Environmental Report

and the National Research Council’s Committee
onBiologica Effectsof lonizing Radiation (1990).

These reports estimate that the probability of fa-
tal cancer induction to the public, averaged over
all ages, rangesfrom 0.0001 to 0.0005 cancer fa
talities/rem. The most recent risk coefficient of
0.0005 (International Commission on Radiologi-
cal Protection 1991) was used to estimaterisk to
amaximally exposed off-siteindividual. There-
aulting estimated risk tothishypothetical individua
from airborne and waterborne releases was a
0.000000020 probability of acancer fatality (1
chancein50 million). Thisrisk iswell below the
range of 0.000001 to 0.00001 per year considered
by the International Commission on Radiological
Protectionin Report 26 (1977) to beareasonable
leve of risk for any individua member of thepublic.

Doseto Biota: Aquatic and
Terrestrial Wildlife

Radionuclidesfrom both natural and man-made
sourcesmay befound in environmental mediasuch
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Figure 4-3. Collective Effective Dose Equivalent from Liquid and Airborne Effluents
to the Population Residing Within 50 miles (80 km) of the WVDP
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aswater, sediments, and soils. Inthe past, it has
been assumed that if radiological controlsare suf-
ficient to protect humans, other living thingsare
also likely to be sufficiently protected. Thisas-
sumptionisnolonger considered adequate, sSince
populations of plantsand animalsresiding in or
near these media or taking food or water from
these mediamay be exposed to a greater extent
than are humans. For this reason, the DOE has
prepared a technical standard which provides
methodsand guidanceto be used to eval uate doses
of ionizing radiation to popul ations of aguatic ani-
mals, terrestria plants, andterrestria animals.

Methodsin thisdraft technica standard, A Graded
Approach for Evaluating Radiation Doses to
Aquatic and Terrestrial Biota (ENVR-0011,
DOE, June 2000), were used in 2001 to evaluate
radiation doses to aquatic and terrestrial biota
within the confines of the Western New York
Nuclear Service Center (WNYNSC), whichin-
cludesthe WV DP. Doseswere assessed for com-
pliance with thelimit in DOE Order 5400.5 for
aguatic animals (1 rad per day) and for compli-
ancewith thethresholdsfor terrestrial plants(also
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1 rad per day) and for terrestrial animals (0.1 rad
per day), asproposed in ENV R-0011. Note that
the absorbed dose unit (rad) isused for biotain-
stead of the unitsused for indicating human risk
(rem).

RAD-BCG, a calculation tool provided by the
DOE for implementing ENV R-0011, wasused to
compare existing radionuclide concentration data
from environmental sampling with biotaconcen-
tration guide (BCG) limits. Datacollected from
surfacewaters, sediments, and soilsonand around
the WNYNSC over a ten-year period (1991 -
2000) were used in abaseline evaluation. For a
more near-term assessment, asecond evaluation
was completed using surfacewater datafrom 2001
and sediment data from 1997 - 2001. (See Ap-
pendices A and B for maps and descriptions of
monitoring and surveillancelocations. Radionu-
clidesanalyzed for each medium at each location
arelisted in Appendix B. See Appendix C for a
listing of resultsfrom theselocationsin 2001.)

Concentrationdatafor radionudidesineachmedium
wereentered to the calculation tool. The valuefor

Calendar Year 2001



Summary

eachradionuclidewasautomaticaly divided by the
BCGinorder to cdculateapartia fractionfor each
nuclidefor each medium. Partia fractionsfor each
medium were added to produceasum of fractions.

It wasfound that theisotopeswith thehighest sums
of fractions—theradionuclidesthat contributed the
largest component of both agueticand terrestrid dose
to biota—were strontium-90 and cesium-137. Per
guidancein ENVR-0011, the popul ationsof organ-
ismsmost sengtiveto strontium-90 and cesum-137
inthis evauation—that is, those populationsresid-
ing on the WNY NSC that were most likely to be
adversdly affected via the aquatic and terrestria
pathways— were determined to be popul ations of
the raccoon (aguetic dose) and thedeer mouse (ter-
restrial dose). Assuch, thisstudy doesnot pertainto
pathwaysto humans, which areaddressed e sewhere
in this chapter. (See Dose Assessment Methodol -

ogy [p.4-3].)

The aquatic doselimit from DOE 5400.5 may be
assumed to have been met if the sum of fractions
for the water medium plusthat for the sediment
mediumislessthan 1.0. Smilarly, proposed dose
limitsfor both terrestrial plantsand animalsmay
be assumed to have been met if the sum of frac-
tionsfor the water medium plusthat for the soil
mediumislessthan 1.0.

In accordance with the approach described in
ENVR-0011, ageneral screening wasfirst con-
ducted using the maximum radionuclide concen-
trationsfrom surfacewaters, sediments, and soils.
Maximum radionuclide concentrationsfrom the
10-year sampling database exceeded applicable
genera screening BCG limitsfor both aquatic and
terrestrial evaluations, asdid the concentrations
from the 2001 surface water data and the more
recent sediment data.

Asrecommended in ENVR-0011, asite-specific
screening wasthen done using estimates of aver-
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ageradionuclide concentrationsderived from mea:
surement seriesin surfacewaters, sediments, and
soils. Average concentrationsfor each medium,
applicable BCGs, partial fractions, and sums of
fractionsfor theten-year baseline study aretabu-
lated in Table 4-3 (p. 4-16).

At thesite-specific screening leve for thefull ten-
year period, thesum of fractionsfor theaguatic sys-
tem evaluation was 0.45 and that for theterrestrial
system eva uationwas0.57. The comparablesums
of fraction usng themore near-term datawere 0.37
and 0.57, respectively. Thesumof fractionsfor each
assessment waslessthan 1.0, indicating that appli-
cableBCGswere met for boththe aquaticand ter-
restrial evaluations. It wastherefore concluded that
populaionsof aquaticandterrestrid biota(both plants
and animals) on the WNY NSC are not being ex-
posed to dosesin excess of theexisting DOE dose
Sandardfor aguatic organiamsand therecommended
gandardsput forthin ENVR-0011 for terrestrid biota,

Summary

Predictivecomputer modeding of airborneand water-
borne rel eases resulted in estimated hypothetical
dosestothemaximaly exposedindividud that were
ordersof magnitudebelow al gpplicable EPA stan-
dardsand DOE Orders, which placelimitationson
there ease of radioactivematerid sand dosetoindi-
vidua membersof thepublic. Thecollectivepopula-
tion dose al S0 was assessed and found to be orders
of magnitude below the natural background radia-
tiondose. Additiondly, it wasdetermined that biota
at theWVDP are exposed at afraction of the sug-
gested maximumradiationlevels.

Based ontheoverd | dose assessment, the WV DP
wasfound to bein compliance with applicable ef-
fluent radiol ogica guidelinesand standardsduring
calendar year 2001. Table4-4 (p. 4-17) provides
a summary of WVDP releases and calculated
dosesin specified DOE formeat.
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Table 4-3
Evaluation of Doseto Aquatic and Terrestrial Biota

Based on average radionuclide concentrationsin waters, sediments, and soilsfrom ten years of monitoring, the sum
of fractions for the aguatic system evaluation was 0.45 and that for the terrestrial system evaluation was 0.57.
Evaluations using more recent data— surface water datafrom 2001 and sediment datafrom 1997 - 2001 —resulted in
aquatic and terrestrial sums of fractions of 0.37 and 0.57, respectively. Each sum of fractions was less than 1.0,
indicating that applicable biota concentration guides (BCGs) were met for both the aquatic and terrestrial evalua-
tions. The calculated sum of fractions for aguatic organismsfor the near-term assessment was | ess than the sum of
fractions calculated for the 10-year baseline. It was therefore concluded, based on both long-term and near-term
results, that populations of aguatic and terrestrial biota on the WNY NSC are not being exposed to dosesin excess
of the existing DOE limit for aguatic organisms (U.S. Department of Energy, February 1990) and the international
standardsfor terrestrial organisms (International Atomic Energy Agency, 1992).

Aquatic System Evaluation (Long-Term [10-Year] Data Set)

Nuclide Water Mean Water Water Sediment Mean Sediment Sediment Water and
BCG* Value Partial BCG* Value Partial Sediment
(pCilL) (pCilL) Fraction (pCilg) (pCilg) Fraction Sum of Fractions

Cesium-137 426 13.0 3.05E-01 3,120 7.00 2.24E-03 0.31

Strontium-90 278 37.1 1.33E-01 582 1.76 3.02E-03 0.14

All Others NA NA 9.00E-03 NA NA 3.90E-04 <0.01

Sum of Fractions (Long-Term data) 4.47E-01 5.65E-03 0.45

Sum of Fractions (Near-Term data) 0.37

Terrestrial System Evaluation (Long-Term [10-Year] Data Set)

Nuclide Water Mean Water Water Soil Mean Soil Soil Water and
BCG* Value Partial BCG* Value Partial Soil
(pCilL) (pCilL) Fraction (pCilg) (pCilg) Fraction Sum of Fractions

Cesium-137 599,000 130 2.17E-05 20.8 5.95 2.87E-01 0.29

Strontium-90 54,500 37.1 6.81E-04 225 6.26 2.78E-01 0.28

All Others NA NA 1.73E-05 NA NA 1.00E-03 <0.01

Sum of Fractions (Long-Term data) 7.20E-04 5.66E-01 0.57

Sum of Fractions (Near-Term data) 0.57

* The BCGs are cal culated values. Except for the sums of fractions, which are rounded to two significant digits, all values are
expressed to three significant digits.
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Table 4-4

WVDP Radiological Dose and Release Summary

WYVDP Radiological Dose Reporting Table CY 2001

Dose to the % of DOE Estimated Population within Estimated Natural
Maximally Exposed 100-mrem limit Population Dose 50 miles Radiation Population
Individual 2000 Projection Dose
(1990 census)
0.040 0.00040 0.040 0.19 0.0019 1,350,000 398,000
mrem (mSv) person-rem  (person-Sv) person-rem
WV DP Radiological Atmospheric Releasest CY 2001 in Curies (Bq)
Tritium |Kr-85| Noble Gases|Short-Lived| Fission and Total Total Total Total Total Other
(T,,<40 dy) | Fission and| Activation |Radioiodine|Radiostrontium| Uranium* | Plutonium| Other (Rn-220)
" Activation | Products Actinides
Products (T1/2>3 hr)
(T1/2<3 hr)
2.66E-02 | NA NA NA 7.89E-04 5.30E-04 3.28E-04 3.02E-07 1.11E-06 | 2.12E-06 | 2.27E+03
(9.83E+08) (2.92E+07) | (1.96E+07) | (1.21E+07) | (1.12E+04) | (4.10E+04) | (7.86E+04)| (8.40E+13)

WVDP Liquid Effluent Releases* of Radionuclide Material CY 2001 in Curies(Bq)

Tritium Fission and Total Total Total Total Total
Activation Radioiodine | Radiostrontium| Uranium** | Plutonium Other
Products Actinides
(T1/2>3 hr)
1.20E-01 5.76E-03 1.55E-04 1.37E-01 7.52E-04 9.27E-06 2.35E-05
(4.43E+09) (2.13E+08) (5.73E+06) (5.09E+09) (2.78E+07) | (3.43E+05) | (8.70E+05)

+ The WVDP air and water rel eases are from point sources and controlled liquid effluent rel eases, respectively.
* Total uranium (grams) = 2.61E-01
** Total uranium (grams) = 4.56E+02

Note: These tables have been included to provide a standardized format for data collected from all
Department of Energy sites.
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